Memory for past events may be based on retrieval accompanied by specific contextual details (recollection) or on the feeling that an item is old (familiarity) or new (novelty) in the absence of contextual details. There are indications that recollection, familiarity, and novelty involve different medial temporal lobe subregions but available evidence is scarce and inconclusive.
Introduction
A fundamental aspect of memory function is the ability to determine whether or not a present event happened in the past; that is, the ability to recognize events as old or new. It is generally agreed that old/new recognition is dependent on the integrity of the medial temporal lobes (MTL), which include the hippocampus proper and surrounding parahippocampal gyrus (PHG) . In support of this idea, functional neuroimaging studies have directly related MTL activity to successful recognition performance (Daselaar et al. 2001; Donaldson et al. 2001; Eldridge et al. 2000; Nyberg et al. 1996) . However, the precise contribution of different MTL structures to recognition memory remains uncertain.
In particular, recognition memory is assumed to involve at least two qualitatively different processes: recollection and familiarity (Yonelinas 2002) . Recollection refers to memory retrieval accompanied by the recovery of specific contextual details, whereas familiarity refers to the feeling that an item is old in the absence of confirmatory contextual information. There is considerable debate about whether the hippocampus and PHG make separate contributions to recollection and familiarity. Some patient data suggests that hippocampal lesions impair recollection but not familiarity, suggesting that the latter process is mediated by adjacent PHG regions (Baddeley et al. 2001; Holdstock et al. 2002; Yonelinas et al. 2002) , whereas others found that hippocampal damage leads to similar deficits in recollection and familiarity (Stark et al. 2002; Stark and Squire 2003) . The results of functional neuroimaging studies also do not indicate a clear-cut dissociation. On one hand, findings from false memory (Cabeza et al. 2001) and visual adaptation paradigms (Goh et al. 2004) suggest that posterior PHG regions track itemspecific perceptual features, whereas the hippocampus supports retrieval of contextual information. On the other hand, studies using both relational encoding (Davachi et al. 2003; Ranganath et al. 2004 ) and retrieval (Eldridge et al. 2000; Kahn et al. 2004; Prince et al. 2005; Yonelinas et al. 2001; Yonelinas et al. 2005) paradigms have indicated a similar role for posterior hippocampal and parahippocampal regions in context-based memory.
A matter that adds to the discussion is that familiarity may be based not only on an oldness signal, but also on a novelty signal. Although, at the behavioral level, these two types of signals cannot be distinguished, there are indications that, at the neural level, both activity increases (familiarity) and decreases (novelty) can contribute to familiarity-based recognition. Single cell recording studies in monkeys have identified neurons in the rhinal cortex, which show decreased firing rates to repeated presentations of visual stimuli. It has been proposed that these reductions contribute to familiarity-based recognition by signaling the relative novelty of stimuli (Brown and Aggleton 2001) . Functional MRI studies in humans also indicate a role for the rhinal cortex in novelty detection. Several experiments that compared old items to new items (Cansino et al. 2002; Henson et al. 2003; Herron et al. 2004; Rombouts et al. 2001) or to items incorrectly classified as new (Weis et al. 2004a; Weis et al. 2004b) , showed an activation decrease at or near rhinal cortex. Furthermore, a recent fMRI study indicated a direct relation between decreased activity in the rhinal cortex and the level of perceived familiarity (Gonsalves et al. 2005 ).
In addition to the rhinal cortex, there is also electrophysiological evidence for a role of the hippocampus in novelty detection. Intracranial recordings in surgical patients with implanted electrodes have revealed an event-related brain potential, known as the AMTL-N400, which
originates from anterior MTL and shows a greater response to novel relative to previously studied words and pictures (Elger et al. 1997; Fell et al. 2004; Fernandez et al. 1999; Grunwald et al. 1999; Grunwald et al. 1998; Trautner et al. 2004 ). The AMTL-N400 is reduced in patients with hippocampal sclerosis (Grunwald et al. 1998 ) and its magnitude is directly correlated with neuronal density in the CA1 field of the hippocampus (Grunwald et al. 1999) . At the same time, recordings from a more posterior site within the hippocampus has revealed another event-related potential, known as the hippocampal late negative component (LNC), which is greater for old than for new items (Grunwald et al. 1998; Grunwald et al. 2003; Klaver et al. 2005) . Hence, together with aforementioned fMRI evidence linking posterior hippocampus to recollection, electrophysiological findings are suggestive of an anterior/posterior dissociation within the hippocampus regarding oldness (recollection) and novelty.
The main goal of the present event-related functional MRI (fMRI) study was to disentangle the contribution of different PHG and hippocampal regions to recollection, familiarity, and novelty using a recognition task with confidence ratings. In each recognition trial, the old/new decision was followed by a confidence rating (low to high), yielding a combined oldness scale from 1 = "definitely new" to 6 = "definitely old". According to theoretical models of recognition memory, familiarity reflects the assessment of quantitative memory strength, whereas recollection reflects a threshold retrieval process whereby qualitative information about a previous event is retrieved (Yonelinas 2002 ). These models predict that familiarity should increase gradually as a function of perceived oldness (i.e., a continuous linear function), whereas recollection should be associated only with the highest level of confidence, reflecting the retrieval of confirmatory contextual information (i.e., a nonlinear function) (Yonelinas 2001a (Yonelinas , 2002 . This idea has been confirmed by behavioral studies in which participants classified items as recollected ("Remember") or familiar ("Know") (Yonelinas 2001b) , or retrieved specific contextual information (Yonelinas 1999) . Thus, we predicted that familiarity-related activity and novelty-related activity during retrieval should increase (familiarity signal) or decrease (novelty signal) continuously as a function of oldness (from 1 to 6), whereas recollection-related activity should show a nonlinear oldness function (flat from 1 to 5, sharp increase for level 6). Hence, throughout this paper, we will use the terms familiarity, novelty, and recollection as labels for these activation patterns. Critically, we additionally tested whether the MTL regions identified by the different oldness functions actually make unique contributions to recognition performance by employing multiple regression analyses based on individual trial activity.
A second goal of the study was to investigate the contribution of brain regions outside MTL to recollection, familiarity, and novelty. A recent fMRI study in which participants were asked to classify items as recollected or familiar reported recollection/familiarity dissociations between subregions of posterior midline and left parietal regions . In the present study, we investigated whether these dissociations can also be observed when using continuous confidence ratings and defining recollection vs. familiarity according to the shape of activation functions. Furthermore, lesion and neuroimaging findings also indicate a prominent role for different prefrontal cortex (PFC) regions in recognition memory. For instance, ventrolateral PFC has been associated with retrieval of relational information (Eldridge et al. 2000; Henson et al. 1999; Passingham et al. 2000; Prince et al. 2005) , whereas right dorsolateral PFC has been implicated with monitoring of stimulus novelty (Schacter et al. 1996; Stuss et al. 1994) , Thus, we predicted that ventrolateral PFC regions would be associated with recollection and right dorsolateral PFC with novelty.
Materials and Methods
Participants. Fourteen right-handed young participants (6 female) with an average age of 21.7 (SD = 2.4) were recruited from the Duke University community and paid for participation.
Written informed consent was obtained for each participant, and the study met all criteria for approval from the Duke University Institutional Review Board.
Experimental protocol. Prior to scanning, participants studied an intermixed list of 120 English words and 80 pronounceable nonwords at a rate of 2 seconds per item within the context of a lexical decision task. Participants responded whether the target was an English word or not, and they were told that there would be a later memory test for the English words. Functional scanning occurred approximately thirty minutes following this study phase. During the scan session, participants performed two kinds of tasks, a recognition memory task and a nonmnemonic perceptual judgment task. These tasks were presented across 6 experimental runs (4 recognition and 2 perceptual, counterbalanced in order across participants), each lasting 442 seconds. During the recognition memory blocks, participants saw an equal mix of old words shown during the earlier lexical decision task and completely new words (60 total words per block). Each trial consisted of two phases. Participants first made an old/new judgment on the presented words (3.4 sec), and were then prompted to report their confidence (1.7 sec) for their answer from 1 (lowest confidence) to 4 (highest confidence), followed by an inter-trial interval between 0 to 5.4 sec. The perceptual judgment task involved participants viewing rectangles unevenly divided into two colored sections, blue and orange, by a random jagged line.
Participants determined which color had the greater surface area. Again, this judgment was followed by a confidence rating. Data from the perceptual task are reported elsewhere (Fleck et al. 2005) . Oldness function analyses. In order to identify regions associated with recollection, familiarity, and novelty we employed a parametric approach. As a first step, we created an oldness scale by combining the old/new judgments with the four confidence levels, yielding an eight-point oldness scale (1= definitely new, 8 = definitely old). Since the lowest confidence level (level 1) was not used at all by one participant and only sparsely used by the other participants, we dropped this level from further analyses. Based on the remaining six levels (1= definitely new, 6 = definitely old), we created separate oldness functions to model recollection and familiarity/novelty. Recollection was modeled by a nonlinear function that is flat from 1 to 5 with a sharp increase for level 6 (i.e., 1 1 1 1 1 6), whereas familiarity (i.e., 1 2 3 4 5 6) and novelty (i.e., 6 5 4 3 2 1) were modeled as positive and negative contrasts of a continuous linear function. For the sake of completeness, we also included a nonlinear novelty function (i.e., 6 1 1 1 1 1) for comparison with the linear novelty contrast (see below). Next, we created separate GLMs for the linear and the nonlinear functions in which trial onsets for both old and new items were collapsed across accuracy and confidence, and modulated by the different oldness functions using the first-order parametric modulation option integrated in SPM2.
Subsequently, group averages were calculated for each parametric regressor using random effects analyses. Finally, in order to assess recollection-related activity, familiarity-related activity, and novelty-related activity, the parametric regressors were directly compared using paired t-tests at p < 0.05, and inclusively masked at p < 0.005 with the relevant main effects (i.e., recollection-related activity = nonlinear oldness > linear oldness masked with nonlinear oldness; familiarity-related activity = linear oldness > nonlinear oldness masked with linear oldness; novelty-related activity = linear novelty > nonlinear novelty masked with linear novelty).
Regions showing nonlinear novelty functions are reported as Supplementary Materials.
Critically, mean centering (Euclidean normalization) the linear and nonlinear regressors did not result in significant differences in the minima (p = 0.24), maxima (p = 0.58), and range (p = 0.90) of the parametric scaling factors. Given that we had very specific predictions about the areas within MTL, posterior midline cortex, left parietal cortex, and PFC that would show linear and nonlinear oldness patterns, we used statistical thresholds that were uncorrected for multiple comparisons. Therefore, strictly speaking, our results should be interpreted with some caution.
Individual trial analysis. In order to examine whether the different MTL regions that were identified by the oldness function analyses make separate contributions to recognition memory, we conducted a second analysis based on individual trial activity. As a first step, we created a GLM model, in which each individual trial was modeled by a separate covariate, yielding different parameter estimates for each individual trial and for each individual subject. The validity of this design was confirmed by the fact that we obtained highly comparable results based on linear contrasts of the individual trial parameter estimates compared to those obtained with a standard GLM model (see Supplemental Data). Moreover, a similar procedure has been successfully applied in a previously published fMRI study (Rissman et al. 2004) . As a second step, mean activity was extracted for each individual trial from the different MTL regions that were identified by the oldness function analyses. For each individual subject, these values were subsequently entered into a multiple regression model with activity in the different MTL regions (i.e, regions showing recollection-related activity, familiarity-related activity, novelty-related activity) as independent variables, and the 6-point oldness scale as the dependent variable.
Finally, to assess group effects, the resulting parameter estimates (beta weights) were submitted to a one-sample T test, thresholded at p < 0.05.
Results

Behavioral data
The overall proportion of correctly recognized words was 0.71 (SD = 0.14) and the proportion of false alarms was 0.22 (SD = 0.09) leading to a d ' score of 1.43 (SD = 0.6). Table 1 lists mean accuracy, reaction times (RTs), and frequency data for the six oldness levels. We analyzed the effects of oldness on accuracy and RT measures with two separate one-way Table 2 lists regions showing recollection-, familiarity-, and novelty-related activity. As noted in the Introduction, we predicted recollection/familiarity/novelty dissociations within MTL, and within three other brain regions, the posterior midline region, left parietal cortex, and PFC. The results confirmed our predictions.
MTL. Within MTL, there was a triple dissociation. The posterior half of the hippocampus showed recollection-related activity (see Figure 1A) , the posterior PHG showed familiarityrelated activity (see Figure 1B) , and finally, anterior hippocampal and rhinal regions showed novelty-related activity (see Figure 1C) . As illustrated by line graphs, the posterior half of the hippocampus showed a nonlinear oldness function with a sharp increase for the highest oldness Within left parietal cortex, there was a dissociation between a parieto-temporal region (BA 39/40), which was associated with recollection (see Figure 2D ) and a parieto-occipital region (BA 39/19), which was associated with familiarity (see Figure 2E ). As depicted by the graphs, the parieto-temporal activation showed a nonlinear oldness function, whereas the parietooccipital region showed a continuous oldness function. This dissociation was confirmed by a 2 (region: parieto-temporal cortex, parieto-occipital cortex) x 6 (oldness: 1-6) ANOVA showing a significant region x oldness interaction (p < 0.0001). Within PFC, ventrolateral PFC was associated with recollection, whereas a right dorsolateral PFC region showed novelty-related activity. The graphs show a nonlinear oldness function in ventrolateral PFC (see Figure 2F ), but a continuous activity decrease (novelty) in right dorsolateral PFC (see Figure 2G) . Again, the dissociation in PFC was confirmed by 2 (region: region 1, region 2) x 6 (oldness: 1-6) ANOVAs showing a significant region x oldness interaction (p < 0.0001) between mean activity in right dorsolateral PFC region and both left (p < 0.0001) and right (p < 0.0001) ventrolateral PFC. The fact that all three types of MTL regions showed significant beta values based on the regression analysis indicates that each of these regions was uniquely (i.e. after controlling for the contribution of the other two areas) correlated with the oldness scale. This implies that these regions make separate contributions to recognition performance, suggesting that recollection, familiarity, and novelty are relatively independent processes.
Discussion
We found a triple dissociation within MTL associated with recollection, familiarity, and novelty.
First, posterior half of the hippocampus showed recollection-related activity. Second, posterior PHG showed familiarity-related activity. Finally, an anterior hippocampal region and the rhinal cortex showed novelty-related activity.
In addition, functional dissociations regarding recollection, familiarity, and novelty were found outside MTL in posterior midline, left parietal cortex, and PFC regions. We discuss these findings in MTL and other brain regions in separate sections below.
MTL
The posterior half of the hippocampus was associated with recollection (see Figure 1A ).
Activity in this region showed a nonlinear oldness function increasing sharply only for the highest oldness rating. The finding of recollection-related activity in the posterior half of the hippocampus is consistent with the results of several previous fMRI studies using
Remember/Know and relational memory paradigms (Eldridge et al. 2000; Kahn et al. 2004; Prince et al. 2005; Wheeler and Buckner 2004; Yonelinas et al. 2005) . The present finding is also in line with lesion evidence in both animals (Fortin et al. 2004 ) and humans (Baddeley et al. 2001; Holdstock et al. 2002; Yonelinas et al. 2002) indicating selective relational memory deficits after hippocampal damage. The present study adds to these findings by showing that the posterior half of the hippocampus operates in an all-or-none fashion, selectively mediating memory processes that lead to high confidence retrieval, which are assumed to reflect the recovery of confirmatory contextual information (Yonelinas 2001a (Yonelinas , 2002 . In general, our results provide further support for the view that the hippocampus plays a fundamental role in relational memory processes (Eichenbaum et al. 1992 ).
Posterior PHG was associated with familiarity (see Figure 1B) . may be that certain parts of posterior PHG contribute to familiarity, whereas other parts contribute to recollection. In terms of anatomical connectivity, posterior PHG receives direct input from several unimodal and polymodal regions in visual, temporal, and parietal cortex, and provides about a third of the sensory input to the hippocampus (Suzuki and Amaral 1994) . The strong connection of posterior PHG with sensory areas fits well with evidence that familiarity depends more heavily on perceptual processing than recollection (Yonelinas 2002) . For instance, there are indications that perceptual fluency, the ease with which perceptual information is extracted from a stimulus, plays a role in familiarity judgments. Because prior exposure to a stimulus facilitates subsequent perceptual processing, it has been proposed that perceptual fluency can be used as an index of oldness during recognition tasks (Jacoby 1991) . Supporting this idea, fluency manipulations, such as presenting a particular word more clearly than other words in a recognition test, affects familiarity more than recollection (Jacoby 1991; Whittlesea and Leboe 2000; Yonelinas 2002 ). Thus, given these behavioral findings and the strong anatomical connections of posterior PHG with perceptual regions, the increase in activity in this region with oldness may reflect an increased reliance on perceptual fluency during familiaritybased recognition.
Two anterior MTL regions, the anterior half of the hippocampus and the rhinal cortex showed novelty-related activity (see Figure 1C) . Specifically, activity in these regions showed a continuous decrease with increasing levels of oldness. The finding of a novelty signal in the anterior half of the hippocampus is consistent with in vivo recordings in humans (Grunwald et al. 1999; Grunwald et al. 1998) showing that this region is more activated for new than for old items. This finding is also consistent with the results of a fMRI study of artificial grammar learning in which anterior hippocampal activity decreased linearly with repeated presentations whereas the opposite occurred for posterior hippocampal activity (Strange et al. 1999) . In this particular study, the novelty signal in the anterior half of the hippocampus was sensitive to perceptual features of the stimuli, a finding consistent with the notion of familiarity. The finding of a novelty signal in rhinal cortex is consistent with a recent fMRI study, which also showed continuous activity decreases near this region as a function of the level of perceived familiarity (Gonsalves et al. 2005) . At the same time, the finding that this region showed decreased activity with increasing levels of familiarity, seems to contradict previous fMRI findings indicating an opposite relationship during memory encoding, i.e., increased rhinal activity with increasing levels of familiarity as assessed by a subsequent recognition test (Ranganath et al. 2004 ).
However, these findings can easily be reconciled by the view that novelty detection contributes to successful encoding (Habib and Lepage 1999; Ranganath and Rainer 2003; Tulving et al. 1996) . According to the novelty-encoding view, greater novelty activity for a study item will lead to better encoding, and thus, to increased familiarity for that same item on a subsequent recognition test.
Following the novelty-encoding account, it could be argued that the activation we found in anterior MTL reflected encoding processes rather than novelty per se. To test this idea, we conducted a follow-up behavioral experiment using the same method as in the fMRI study but with the addition of second recognition test, which included correctly rejected new items from the first recognition test mixed with another set of novel items. We reasoned that if greater anterior MTL activity for items classified as "definitely new" reflected encoding processes, then these items should be better remembered in the second test than those classified as "probably new". However, this was not the case: performance in the second recognition test was not affected by perceived novelty in the first test (see Figure S2 , Supplemental data). This finding indicates that novelty detection during retrieval is not identical to episodic encoding.
A possible mechanism by which hippocampus and rhinal cortex can modulate novelty processes is through efferent projections to the nucleus basalis of Meynert (NBM). This region provides cholinergic input to almost the entire neocortex (Mesulam 2004) . There is abundant evidence that acetylcholine (ACh) plays a critical role in attention and memory-related processes (Rasmusson 2000; Sarter and Bruno 1997; Woolf 1998) . Furthermore, ACh increases baseline firing rates of cortical neurons and enhances activity evoked by novel stimuli (Gu 2002) . Thus, it has been suggested that hippocampal and rhinal regions mediate novelty-and attention-related processes through the regulation of cortical input of ACh (Ranganath and Rainer 2003) .
Clarifying the specific contributions of anterior half of the hippocampus and rhinal cortex to novelty processes requires further research.
The finding of both familiarity and novelty patterns in MTL raises the question whether these two signals are mechanistically distinct. As noted, from a behavioral point of view, positive familiarity and negative familiarity (novelty) can be seen as two sides of the same effect. Yet, our fMRI data clearly indicates that, on the brain level, these two effects are distinguishable.
Regression analyses based on individual trial activity indicated that recollection-related, familiarity-related and novelty-related MTL regions make separate contributions to recognition performance. Thus, together with the recollection pattern in posterior half of the hippocampus, our findings provide preliminary support for a triple-process model of recognition memory incorporating recollection, familiarity, and novelty. However, more research is required to determine whether familiarity and novelty are truly different processes rather than two different aspects of the same process.
Finally, it should be noted that, despite our specific predictions, some caution in interpreting our results is appropriate, since we identified the different MTL regions using a slightly lower threshold (p < 0.005) than conventionally used in event-related fMRI studies (p < 0.001). In fact, the anterior MTL regions did not survive a p < 0.001 threshold in the standard regression analysis. However, the individual trial analysis confirmed the contribution of the anterior MTL regions to recognition performance, and showed a highly significant effect (p < 0.0001). Hence, collectively, the two analyses clearly support our conclusions.
Other brain regions
Within the posterior midline region, the retrosplenial/ventral posterior cingulate cortex was associated with recollection (see Figure 1 -A) whereas both the dorsal posterior cingulate cortex (see Figure 1 -B) and precuneus (see Figure 1 -C) were associated with familiarity. These results are generally in agreement with a recent fMRI study by Yonelinas and colleagues . Using a Remember/Know paradigm with graded levels of Know, they also reported a functional dissociation within the posterior midline region regarding familiarity and recollection.
Similar to the present findings, they found familiarity-related activity in the precuneus. Though, contrary to our results, they found recollection-related activity both in dorsal posterior cingulate cortex and retrosplenial/ventral posterior cingulate cortex. The reason for this discrepancy in findings is unclear, but may relate to methodological differences, such as the employment of parametric oldness functions in the present study. The current finding that the retrosplenial/ventral posterior cingulate cortex showed a recollection pattern, whereas the dorsal posterior cingulate cortex showed a familiarity pattern fits well with neuroanatomical studies in monkeys. These studies have found that the retrosplenial/ventral posterior cingulate cortex has strong connections with posterior MTL regions, including posterior half of the hippocampus, whereas the dorsal posterior cingulate region has dense connections with visuo-spatial areas (Kobayashi and Amaral 2003) . Such an interpretation fits well with aforementioned evidence that familiarity depends more heavily on perceptual processing than recollection (Yonelinas 2002) .
Within left posterior parietal cortex, a parieto-temporal region was associated with recollection (see Figure 1 -D) whereas a parieto-occipital region was associated with familiarity (see Figure 1 -E). Again, these findings are in agreement with the study by Yonelinas and colleagues . In that study, a parieto-temporal region also showed recollection-related activity, whereas a more posterior parietal region showed familiarity-related activity. The functional heterogeneity of these parietal subregions is consistent with evidence regarding the connectivity of these regions and with the perceptual properties attributed to familiarity. Regarding connectivity, the location of the recollection-related parieto-temporal area approximates that of region 7a in macaque monkeys. This region receives strong reciprocal connections from the CA1 area of the hippocampus (Clower et al. 2001; Suzuki and Amaral 1994) , and has therefore been proposed to be directly involved in memory functions (Shannon and Buckner 2004) . Regarding the properties of familiarity processes, the proximity of the familiarity-related parieto-occipital region to secondary visual cortex suggests that this region may have a greater role in visuo-perceptual processes.
Within PFC, a ventrolateral PFC region was associated with recollection ( Figure 1-F) , whereas a right dorsolateral PFC region showed novelty-related activity (Figure 1-G) . The finding of recollection-related activity in ventrolateral PFC is consistent with previous functional neuroimaging studies of relational memory retrieval (Eldridge et al. 2000; Henson et al. 1999; Passingham et al. 2000; Prince et al. 2005 ). This finding also fits well with lesion evidence in animals. Monkeys with ventrolateral PFC lesions are severely impaired on a visual association task (Rushworth et al. 1997) , and disconnection of the temporal and frontal cortex also results in severe deficits in visual association learning (Eacott and Gaffan 1992).
The finding of novelty-related activity in right dorsolateral PFC is in line with the notion that this region has a role in rejecting lures. Clinical studies indicate that patients with damage to right dorsolateral PFC show deficits in detecting stimulus novelty. They make excessive repetitions during free recall tasks (Stuss et al. 1994 ) and show unusually high false alarm rates during recognition (Schacter et al. 1996) . Thus, the current finding of novelty-related activity in right dorsolateral PFC fits well with these previous lesion findings.
Finally, it should be noted that the interpretation of the oldness functions in parieto-temporal cortex and ventrolateral PFC deserves some caution. As shown in Figures 1-D and 1-F, these regions did not show a clear-cut recollection pattern but rather a U-shaped function. Activity in these regions was not only high for the most confident old responses (level 6) but also for the most confident new responses (level 1). In the fMRI study by Yonelinas and colleagues, they observed similar U-shaped patterns in several brain regions including the parieto-temporal cortex. One possible explanation they suggested is that some form of recollection may also play a role in confidently rejecting novel items (see also, Rotello and Heit 2000) . Alternatively though, this pattern could reflect non-memory processes associated with high confidence decisions or desirability aspects.
Conclusions
The study yielded a triple dissociation associated with recollection, familiarity, and novelty within MTL. A posterior hippocampal region was associated with recollection, whereas a posterior PHG region was associated with familiarity. Finally, both anterior half of the hippocampus and rhinal cortex showed novelty-related activity. This is the first study to show a triple MTL dissociation within the same task and within the same participants.
In addition, functional dissociations were found outside MTL. Within the posterior midline region, the retrosplenial/ventral posterior cingulate cortex was associated with recollection, and the precuneus and dorsal posterior cingulate cortex, with familiarity. Within the left posterior parietal cortex, a parieto-temporal region was associated with recollection, whereas a parietooccipital region was associated with familiarity. Finally, within PFC, a ventrolateral PFC region was associated with recollection, whereas right dorsolateral PFC showed novelty-related activity.
Taken together, our findings demonstrate the existence of different brain regions that are differentially involved in recollection, familiarity, and novelty processes. This finding supports the recollection/familiarity distinction, and suggests that these processes are independent. The issue about whether or not recollection and familiarity/novelty processes are independent has been controversial in the behavioral memory literature following reports of correlations between behavioral measures of recollection and familiarity Hintzman 1997, 1995) . The present fMRI evidence contributes to this debate by showing anatomical dissociations between these processes that fit better with the assumption of independence. 
